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A HIGH.  VACUUM  PROTECTIVE, CIRCUIT 


by 


E.  P.  Levine 
R.  M.  Mills 


ABSTRACT 

An  alarm  device  is  described,  which  protects 
the  vacuum  system  of  a mass  spectrometer  in 
the  event  of  a malfunction  during  the  opera- 
tor's absence.  The  vacuum  pressure  is  moni- 
tored by  a thermocouple  vacuum  gauge  which 
is  connected  to  a meter-relay.  If  the 
thermocouple  reading  falls  below  a certain 
predetermined  level,  indicating  a loss  of 
vacuum,  or  if  the  diffusion  pump  cooling 
system  fails,  a system  of  relays  is  made  to 
act  in  such  a way  that  the  diffusion  pumps 
are  turned  off,  a calibrated  meter  replaces 
the  meter-relay  to  give  an  accurate  reading 
of  the  vacuum  level,  and  -an  alarm  bell  is 
sounded. 


INTRODUCTION 


A time-of-f light  mass  spectrometer  is  under  construction 
here  which  will  be  used  to  study  ionic  reactions  in  a flame. 
The  mass  spectrometer  has  three  sections:  a flame  chamber 

operated  at  several  centimeters  of  pressure,  anintermediate 
vacuum  region  which  is  kept  between  10  b an(p  ]_o  mm  of  Hg, 
and  a final,  high  vacuum,  drift  tube  region  maintained  at 
about  10"5  mm  of  Hg.  Oil  diffusion  pumps  are  used  in  the  last 
two  sections.  It  is  often  desirable  to  allow  the  vacuum  pumps 
to  run  when  the  operator  is  not  at  the  controls  of  the  mass 
spectrometer.  However,  if  a leak  in  the  vacuum  system  develop 
or  if  the  diffusion  pump  cooling  system  fails,  serious  damage 
will  be  done  to  the  pumps  if  they  are  not  turned  off.  The 
device  described  was  designed  to  automatically  protect  the 
vacuum  system  from  such  damage. 
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Thermocouple  tubes  may  be  used  to  detect  a loss  of  vacuum 
in  time  to  protect  the  diffusion  pumps,  but  at  pressures  below 
10“3  mm  of  Hg,  they  are  not  capable  of  furnishing  accurate 
vacuum  readings.  An  ionization  vacuum  gauge  is  therefore  used 
in  the  drift  tube  section  to  indicate  when  a suitably  high 
vacuum  has  been  reached.  However,  as  with  the  diffusion  pumps, 
damage  will  be  done  to  the. ionization  gauge  if  it  is  operated 
at  pressures  above  10"3  mm  of  Hg  and  thus  the  protective  cir- 
cuit turns  off  the  ionization  gauge  together  with  the  diffusion 
pumps  if  it  is  being  used  at  the  time  of  an  alarm. 


DESIGN 

The  protective  system  can  be  operated  without  the  automatic 
arrangements  described  above  when  switch,  Sp,  shown  in  figure 
(2)  is  in  the  manual  position.  In  this  position  the  circuit 
alarms  only  in  the  -event  .of  ...a..ucnaliii-g-  water  failure.  A microR 
ammeter  which  has  been  calibrated  to  give  pressure  readings  is 
connected  to  one  of  the  two  thermocouple  tubes,  depending  on 
the  position  of  switch  S2  shown  in  figure  (2) . Relay  R6  is 
essentially  an  on-off  switch  for  the  thermocouple  gauge  heaters. 
The  circuit  is  used  in  the. manual  position  in  the  early  part  of 
the  pumping  operation  before  high  vacuum  has  been  reached.  After 
the  diffusion  pumps  begin  to  operate,  the  circuit  may  be  switched 
to  the  automatic  position.  Figure  (1)  is  a block  diagram  of  the 
system  in  the  automatic  position.  If  the  thermocouple  readings 
are  maintained  at  a sufficiently  high  level  and  if  water  flows 
through  the  diffusion  pumps  cooling  jackets  at  a satisfactory 
rate,  the  relay  switching  system  supplies  power  to  the  diffusion 
pumps.  The  wiring  is  such  that  the  mechanical  pump  switch  must 
be  on  in  order  for  the  power  to  reach  the  diffusion  pumps. 
Likewise,  the  ionization  gauge  can  be  operated  only  if  one  or 
both  of  the  diffusion  pumps  are  on.  In  the  automatic  position, 
the  thermocouple  tubes  are  no  longer  connected  to  the  micro- 
ammeter; instead  the  thermocouple  tube  outputs  are  placed  in 
series  and  connected  to  the  meter  relay.  If  low  emf  values  from 
either  gauge  cause, 1 the  indicating  pointer  of  the  meter  relay  to 
fall  below  an  adjustable  level,  the  power  to  the  diffusion  pumps 
is  cut  off,  the  alarm  bell  is  sounded,  and  the  calibrated  micro- 
ammeter replaces  the  meter  relay  so  the  operator  can  quickly 
observe  where  the  vacuum  failure  has  occurred. 
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Closing  the  circuit  between  the  indicating  and  adjustable 
pointers  in  the  meter  relay  shorts  current  away  from  relay  R2, 
causing  it  to  deactuate.  Resistors  Rg  and  R^  were  chosen  so 
that  (a)  sufficient  current  flows  when  the  meter  relay  circuit 
is  open  to  actuate  relay  R2,  (b)  a sufficiently  small  current 
flows  through  R2  when  it  is  shorted  by  the  closed  meter  relay 
circuit  to  deactuate  relay  R2,  and  (c)  the  maximum  allowable 
current  through  the  meter  relay  is  not  exceeded.  Relay  Rg  is 
actuated  whenever  R2  is  actuated.  It  is  used  to  connect  either 
the  meter  relay  or  microammeter  to  the  thermocouple  vacuum 
gauges. 

The  outlet  of  the  cooling  tubing  is  impeded  slightly  so 
that  there  is  a pressure  rise  when  water  is  flowing  properly. 

It  is  this  pressure  rise  that  causes  a pressure  sensitive 
switch  to  make  when  the  water  is  on  and  break  when  water  is 
not  flowing.  It  was  necessary  to  use  relay  R5  with  the  pressure 
switch  to  handle  the  power  requirements  of  the  diffusion  pump 
heaters.  Note  that  power  from  relay  R5  must  pass  through  the 
diffusion  pump  switches  before  reaching  the  alarm  bell.  This 
prevents  the  alarm  from  sounding  when  both  the  diffusion  pumps 
and  water  are  turned  off. 

Figure  (3)  shows  the  front  panels  of  the  vacuum  protective 
and  control  systems. 
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